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ABSTRACT
M4
The problem of acoustic focusing by returning sound rays from
the atmosphere in the Huntsville and Mississippi Test Facility is analyzed
in this report. First, an objective criterion to determine focusing by
computer methods from the atmospheric data and the derived sound
speed profile is presented. Afterwards, the empirical probability of
focusing is derived for four seasons for the event of a test firing, as
a function of the azimuth and with its areal distribution.
In short,
	
returning rays in the afternoon hours can be expected in
25 percent of the firings in summer and 90 percent in winter; however,
focusing chances are 10 percent in summer and 50 percent in winter.
The azimuthal variation ranges from around 60 percent for easterly to
5 percent for westerly directions in wintertime and reduces to 10 to
1 percent,	 respectively, in summer.	 Average chances for focusing
encountered by isolated targets of limited areal extent may be as high
as 20 percent in wintertime, while they stay below 5 percent in summer.
The wind influence is considerably higher than commonly assumed.
Practically all focusing in summer can be attributed to the superposition
of the wind profile upon the temperature profile. 	 Only 10 to 15 percent
of focusing in the winter afternoon hours is caused by the structure of
the temperature profile (inversions).
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Section I. INTRODUCTION
The acoustic noise created daring static test firings of large
space boosters has become a subject of concern in recent years. The
fact that sound waves under certain atmospheric conditions are refracted
beck to the ground and may focus is of special interest. Usually, large
acoustic energy is concentrated in these focus areas.
Prediction of sound propagation during static test firings may aid
in planning test times and may give information on possible damaging
effects to neighboring communities. Although. in principle, methods
based on synoptic weather forecasting could be used, the goal of a con-
fidence limi'L of 95 percent for a 24-hour prediction cannot be accorn-
plished at the present state-of-the-art. The possibility of deriving a
statistical prediction scheme for evaluating the sound propagation is
being investigated in order to show the limitation set by the variability
'	 of the atmospheric parameters.
The predictions of acoustical focusing by statistical methods neces-
sitates, in principle, two basic prerequisites before prediction schemes
can be developed. First, determine the mathematical characteristics
of atmospheric parameters or, in this case, the characteristics of the
meteorological profiles. The task has been solved similarly as reported
earlier.' The wind profile for the first 3 km has been described by
characteristic coefficients for wind speed and direction. The method
has been expanded to include the temperature profile. The result will
be presented in a separate report. 2 Likewise, sound profiles have
*^	 been characterized and types of sound profiles established. The latter
findings will be made known in a forthcoming report .3 Second, the
knowledge of the frequency of occurrence of focusing conditions is
required. It becomes obvious that this frequency in turn influences the
methods to be chosen. If focusing is a rare event, one may concen-
trate on predicting focusing. If focusing is very common, however,
the facts for nonoccurrence should be established.
This report serves to ventilate the question of the frequency of
focusing and to establish some common properties of sound profiles.
i
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iSection 11. THE DETERMINATION OF ACOUSTICAL FOCUSING
In general, the definition of acoustical focusing is unequivocal in
theory. Focus is defined as the critical value of the impact point xs
of sound rays refracted to the ground, at which xs, with increasing; 00
by moving towards the sound source, comes to a virtual stop. The Oo
denotes the angle of elevation of the sound ray at the sound source.
This critical value of high level of transmitted energy is found at
the condition
dxs
d©u
where x s assumes a minimum. An infinite slope exists at the point of
x s being a maximum. There is no concern for the solution of equation
( 1) if x s displays a maximum. More details are described in recent
reports by Heybey 4 and Mabry. 5,6
As expressed by equation ( I), focusing can be judged in a diagram
containing the impact point x s of sound rays at the ground as a function
of the angle Oo. An example is given in Figure 1. Similar features
have also been discussed by Gilbert.6
A closer examination of the curve displayed in Figure 1 reveals
that the practical application of equation (1) and the selection of the
focal paint by computer methods may encounter some difficulties,
namely the diagram xs versus Oo exhibits singular points and discon-
tinuities, which need specification for digital computer treatment.
These singular points are caused by two facts. The propagation of
sound rays is affected by the shape of the sound profile and the division
of the atmosphere into layers. Further analysis is therefore appro-
priate.
The atmospheric profile is not recorded in continuous sequence but
in discrete steps. Consequently, the sound profile will also emerge in
discrete points with assumed linear interpolation=- between the given
observations. The ray computation methods, such as by Heybey 4 and
Mabry, 5, 6 necessitate a division into discrete finite layers. The com-
putation of X s as a function of 0 o can therefore display singularities
*Linear interpolation is sufficient in this case.
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Figure 1. Diagram of Returning Rays for Azimuth 150 Degrees
on 1 April 1965 in Huntsville, Alabama
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and discontinuities at the break of layers as confined at angles Ao = 4. 1,
8. 4, and 11. 3 degrees in Figure 1. The change in layers is indicated
by the arrows on the bottom of Figure 1. The numerical values
between the arrows indicate the number of the layer of the vertex height
for the refracted sound ray. The selected example demonstrates two
types of interruptions of the smooth progressing curve. While the spike
at the angle value of 8.4 degrees corresponds to an extreme value in the
sound profile, the intermittence at 4. 1 and 11. 3 degrees is connected
with a change of the gradient of the sound profile.
Any schematic search for a minimum by computer methods would
select a minimum at 4. 1 and 11. 3 degrees. As the solid line curve
delineates, the break at 8.4 degrees is not a minimum; therefore, it
would be of no further concern. If the gradient of layer three has con-
tinued into layer four, however, then the diagram 8 0 versus xs in layer
four would have taken the course as indicated by the dashed line from
angle 4. 1 through 8. 4 degrees. No minimum appeared at 4. 1 degrees,
but the discontinuity at 8. 4 degrees with a shift of the vertex height of
the refracted rays from layer four into six could have been one. The
analysis of the numerical values rendered the exact position of the mini-
mum at 7. 9 degrees instead of 8.4 degrees, but a slightly changed gra-
dient in the sound profile could shift the minimum to 8. 4 degrees as
stated above. Therefore, qualifying statements to determine the rela-
tionship between the selected minima and focusing seem appropriate.
As questionable minima are located at the change of the layer, these
only have to be further narrowed down. Also, the minimum with focus-
ing at angle Ao = 4. 1 degrees would be satisfactory if the sound profile
would display a concave curvature at the point of layer change. In our
case, the curvature is convex. The question whether the minimum is
a true focus needs more clarification.
It is obvious that the division into layers is arbitrary. Even a vari-
able thickness is possible. Usually the layer division is guided by the
meteorological record, which is given at discrete intervals. Since the
meteorological parameters are subject to instrumental error, it is
justified to extrapolate the gradient of the lower layer at whose top the
questionable minimum arises. The focal point is then determined on
the extrapolated branch of the xs versus 8 0 function. It is obvious that
the extrapolation must stay within limits. Thus, the gradient may be
extended into only one layer.
If a focus appears, the difference between the extrapolated sound
4 velocity profile and that previously assumed at the vertex height of the
acoustic ray at the focus may be checked. The decision was to accept
the focus if this difference was smaller than 2. 5 m/sec. This decision
f
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i.- based on the thought that the sound profile may not really look as
assumed originally with that particular division into layers. The thres-
hold 2. 5 m/sec was the median value of the frequency distribution of
the differences. Thus, 50 percent of the extrapolated focusing points
were accepted. This adjusts the condition to meet the same goal as was
obtained by deciding at random that the extrapolated value should be
accepted by reason of the atmospheric instrumental error. It is logical,
however, not to base the decision on a random scheme but to keep the
extrapolation part of the profile as short as possible.
By application of the above rule, the two minima at 7. 9 and 1 1. 9
degrees emerge as focal points F 1 and F Z in the example of Figure 2.
Before finally approving the extrapolated focusing, one additional
criterion has to be considered. Figure 1 shows that the focus F Z with
angle 0 0 = 11. 9 degrees would be accepted now, while the original curve
displays focusing at F 3 with angle 0 0 = 11. 8 degrees. It is obvious that
the ray-elevation angle of F 3 cannot be smaller than for F Z. Since the
two focal points stem from two conflicting ray patterns, one must be
eliminated. F Z is rejected because it occurs on the extrapolated curve.
The difference of at least 0. 2 degree is the requirement for accepting
the extrapolated focus, if it is followed by a regular one.
A more sophisticated way of profile modification could have been
chosen based upon curve fitting procedures and subsequent division into
thin layers. Since this practice increases the computer time consider-
ably but does not show significantly different results from the "trivial'
method, no reason is found to apply a more elaborate method.
The following conditions ( schematically presented as a flow chart
in Figure 2) summarize now the preceding discussion. Focusing was
determined by checking the Ax. with increasing elevation angle 0 0 , the
AOo being 0. 1 degree.
1) No focusing was assumed, when only one positive Ax s
 between
two negative Axs appeared and the positive Ax s was:
a) Smaller than 25 m.
b) Smaller than 1/z V Ax s 1 + AxsZ' l neg.
This virtually eliminates small random fluctuations which may
produce a horizontal tangent satisfying equation (1) without
physical meaning.
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2) If not eliminated by conditions 1), focusing was accepted if the
Axs changed from negative to positive and the change occurred:
a) Within one layer, whose thickness is established by the
distance of the given discrete points of the atmospheric
profile.
b) Between two layers, if the curvature of the sound profile
displayed concave curvature.
c) Between two layers with convex curvature of the sound
profile, if the focusing occurred within the next layer by
extrapolation of the gradient of the sound profile and the
original and extrapolated profiles were closer than 2. 5
rn /sec at the vertex height of the focusing sound ray, a
following focusing point primarily determined as in 2a or
21.) above showed an elevation . angle Oo for focusing of
more than 0. 2 degree higher than for the focus from the
extrapolated profile.
Table I summarizes the occurrence of focusing by type for the sub-
sequently used material of about 250, 000 sound profiles. Surprisingly,
that type 2b from the above definition is seldom found. This can be
explained since this type of focusing must take place at exactly the
transition between two layers. Obviously, the chances for such an
event are very minute in concave curvature. The ratio of the extra-
polated focusing type 2c to the regular type 2a within the layer is
around 1:3 for the Huntsville and Mississippi Test Facility (MTF) data,
while the ratio changes to 1:4.3 at Nashville. Thus, the result of
focusing is not dominated by the inclusion of the extrapolated cases.
Further tests revealed that there is parallelism between the focusing
cases 2a and 2c. Later in this report, presented features are only
amplified and not modified by inclusion of the 2c type cases.
Table I. Types of Focusing
Type
Actual Number Percentage
Huntsville MTF Nashvi_ :, Huntsville MTF Nashville
Za 78 11 8382 36143 75. 54 78. 07 81. 09
2b 1 2 23 0.01 0.02 0.05
2c 2535 2352 8397 24.45 21.91 18.84
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Section M. THE GROUPING OF SOUND PROFILES
Sound profiles and their relationship to focusing have been gen-
erally described in various articles or reports, such as the recent
report by Heybey. 3 Heybey presents five kinds of sound profiles, from
which returning rays or focusing may reflect. To obtain a statistical
survey, based on a multitude of data, it is necessary to find some com-
mon properties of the sound profiles to permit rapid grouping by high
spud computers. Perkins ? employs five types of sound profiles and
groups the sound profiles by eyesight. Although his system is self -
consistent, it is not diversified enough and therefore not applicable.
Further, classification by eyesight would have been impossible for the
more than 250, 000 sound profiles treated in this study.
Fleybey has derived in detail that returning rays can be found only
if
2
1 - VZ cos t
 0 0 < 0
	 (2)
Vo
where Vo denotes the speed of sound at the surface, Vi at the level i,
and 0,, represents the initial ray elevation at the sound source. This
necessitates
Vi
- 2 cos , 0 0 > 1
V0
or
Vi cos 0 0 > Vo
Since cos 0 0 < 1, the condition
Vi > V0
places a minimum requirement for returning rays to the ground. There-
fore, the first group can be established. It comprises all sound profiles
having a smaller sound velocity aloft than at the surface. This is the
aft	 group with nonreturning rays.
It can further be seen in Figure 3 (after Heybey 4 ) that for profiles
named A and B, returning rays only are anticipated. The gradient is
less in the second layer than at the ground. Isis profiles called C, D,
( 3)
(4)
(5)
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Figure 3. Two-Layer Sound Velocity Profiles Affecting Return of Sound Rays (After Heybey)
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and E display a steeper gradient. Consequently, a second group can be
established which permits returning rays but would not create focusing.
Finally, the remaining group of sound profiles comprises cases
with a chance of focusing. Attempts were made to subdivide this group
by a simple parameter, such as a threshold for the profile gradient, or
by the altitude at which the extreme sound speed occurred. This ren-
dered no significant break upon which a separation of the data with
respect to their different physical behaviors could be based. Division
into types of sound speed profiles, however, revealed diversity. The
findings of that study are too comprehensive to be included here and will
be presented in a forthcoming report. 3 Tables II and III display the rela-
tionship of focusing with the gradient µ and the seasonal variation.
Table II contains the frequency distribution of the maximum µ
recorded foiC each profile and the rate of focusing in every class inter-
val of µ. Although the frequency drops from the preced i ng class
interval to less than half for the class interval 0. 0020 to 0. 002499, this
frequency feature may not be significant for our focusing statistics. We
observe further that no focusing occurs for the group A profiles" and
that the focusing rate increases rapidly with µ . Only the first class of
µ in the B group lacks obviously focusing cases. The N of 1285, which
is 0. 5 percent of the total profiles, is not significantly high enough to
warrant the establishment of ' a subgroup.
Table III displays a survey of the rate of focusing by season. The
profiles were subdivided into those with the extreme speed of the sound
velocity V e
 below 750 m and above 750 m altitude.
A glance at Table III discloses that the percentage is independent
of seasonal influences. The fluctuations are within the range of random
variation. Seasonal variations of focusing conditions as discussed later
must therefore be attributed to changes in the meteorological conditions
and herewith variations of the profile types.
The number of profiles in group A of Table II does not include the
cases where the Ve occurred at the top of the first layer of 250 m,
because the profile must automatically be classed as A, since a linear
increase of the gradient of the sound profile cannot lead to focusing but
will create returning rays only. ( Linear progress within; one .layer is
assumed. )
t
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Table II. Rate of Focusing (Percentage) by Classes
of the Maximum Sound Profile Gradient µ
f^ N
Focusing
rate
(percentage:)
Group 2
under -0. 0020 16577 0
-0. 001999 to -0. 0015 963 0
-0. 001499 to -0. 0010 944 0 A
-0. 000999 to -0. 0005 1 067 0
-0. 000 .199 to -0. 0000 1200 0
+0. 0000 to +0.000499 1285 20. 7
+0. 0005 to +0. 000999 1241 65. 4
+0. 0010 to +0. 001499 1350 83. 3 B
+0. 0015 to +0. 001999 1340 81. 1
+0. 0020 to +0. 002499 492 78.2
+0. 0025 to +0. 002999 560 72. 5
+0. 0030 to +0. 003499 622 66. 9
+0. 0035 to +0. 003999 635 66. 6
+0. 0040 to +0. 004499 647 70. 8
+0. 0045 to +0. 004999 637 6 7. 5
+0. 0050 and over 30844 73.6
Table III. Rate of Focusing (Percentage) by Season
at 12 - 17h Local Time
V e y ip to 750 m Ve above 750 m
= 0. 0000 - 0. 001 999 4 --2 0. 002 4 = 0. 0000 - 0. 001999 p.>  0. 002
Spring 63. 8 84. 9 66. 7 64. 8
Summer 62. 5 77. 3 64. 9 64. 9
Fall 66.9 70.3 63.9 62.5
Winter 59.7 79.7 67.0 74.3
Annual 63. 2 78. 0 65. 6 66.6
A^
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i
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To summarize, the following groups have now been established:
1) Group L V o > Vi	 (no returning rays).
2) Groups II and III: V o 2 Vi (designated by the letters A
and B to reflect the proper contrast to Group I).
A) N-i < µo	 ( returning rays, no focusing)
I3) µi > 40
	
( chances of focusing)
V  - V 	 (6)
µo	 250
V c + i - V b	(7)
µi	 Ali
x, here Oh denotes the altitude distances between levels (c + i) and b, i
varying up to Vet which expresses the extreme sound velocity within
a profile. Further, b varies from the surface up to two layers below
the extreme V e
 and c = b + 1. The checking is continued either to the
end or until a B classification is reached. (In the beginning the check-
ing continued until µ i > µo
 + 0. 002 as a possible subdivision. )
In this work, the sound profile was restricted to the altitudes from
surface through 3 km. It is intended, however, to investigate and clar-
ify the upper boundary of the profile. Present results have indicated
that consideration of the atmospheric conditions up to 3 knl may render
most of the information for the problem of focusing in the vicinity of
rocket test sites.
i
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Section IV. STATISTICAL DISTRIBUTION OF FOCUSING
I.	 Focusing of the Individual Ascent
To this point, the determination of focusing has been explained
and a defined system of focusing occurrences has been established. A
first survey may exhibit the chances of focusing for the individual event
of test firings. Therefore, the presented data of Table IV contain the
empirical probabilities of focusing occurrence in the afternoon hours
at Huntsville. (Nashville, Tennessee, has been incorporated for com-
pa rison because of the short records available at Huntsville. )
The upper part of Table IV comprises the focusing probability in
five major classes. It is self-evident that interest exists in the per-
centage of days when no focusing would have taken place. A second
class has been selected, where focusing was restricted to an azimuth
range of around 10 degrees, which we shall call here spotty focusing,
because of the isolated occurrence of focusing in this case. It is
further assumed that an azimuth range between 10 and 50 degrees,
compared with the total range of 360 degrees, could still be considered
as limited and has therefore been called small. Moderate focusing is
assumed covering a range of 50 to 90 degrees azimuth. Above that,
focusing may be considered as extended and probably of noticeable
ii-nportance for test operations.
We learn from the upper part of Table IV that there is very little
difference between the locations but a distinct seasonal variation does
exist. Since in the previous part (Table III) no seasonal trend of
focusing by group was found, it is logical to assume a seasonal change
of' the profile type which causes it. This will be later confirmed in the
report on profile types.3
We see from the first part of Table IV that focusing chances for
extended focusing decrease' to less than 10 percent of the days in the
summer months, while more than 50 percent of the days in winter have
been observed with extended focusing. Also, three-quarters of the days
in summer display no focusing at all, while in the winter months only
around 10 percent of the days are free of focusing;. It is obvious that
times for test firings without focusing in the winter months are limited.
The second part of Table IV displays the cumulative percentage
probability for occurrence of focusing comprising a rang y less than the
selected thresholds. The detailed cumulative probability for focusing
13
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Table IV. Frequency of Focusing; (12 - 17 h Local Time)
a)	 By Classes
Azimuth Range Huntsville MTF Nashville
Focusing (deb;) Sp Su Fa Wi Sp Su Fa Wi Sp Su Fa Wi
No - 51 16 45 1	 ? 42	 72 56 8 14 75 4' 8
Spotty 10 7 3 7 4 ;	 4 3 5 4 1	 6 3
Small 1 0- 50 10 8 14 8 14	 15 15 11 15 10	 14 ! 0
Mode rate 50 - 90 10 4! 0 21 15	 4 9 18 16 6	 17 18
Extended > 0 22 9 24 54 2t,	 5 17 58 21 t,	 21 01
b)	 Cumulative
Azimuth Range
(deg) Sp Su	 Fa Wi Sp Sti	 Fa Wi Sp Su Fa Wi
- 51 76	 45 13 42 72	 1.)6 8 44 75 42 8
< 10 58 79
	
52 17 45 76	 59 13 48 78 48 11
50 68 87	 66 2 r- 59 91 74 24 F,3 88 62 21
90 78 91	 76 46 74 95	 83 42 79 94 79 39
i
14
i15
not exceeding a certain azimuth range is given in Figures 4 through 6
for the individual stations. It is self-evident that the probability
decreases with increasing range of azimuth. Again, the winter is the
worst season, while the summer appears to be most favorable for test
firings without focusing problems. In comparing the individual stations,
one striking feature emerges in the difference between spring ar.d fall
for the MTF data. The fall discloses better conditions than the spring,
which is a tribute of the climate. In contrast, at Huntsville and INl ash-
ville, the spring and fall seasons show like conditions.
It should be pointed out that Table IV and Figures 4 through 6
reflect the conditions during the afternoon hours only. The occurrence
of focusing is higher for the morning or night hours, as can }.e concluded
from the detailed tabidations in Volume II of this report.
2.	 Fe y using by Azimuth
Section IV, Paragraph 1, has dealt with the chances of observing
focusing in the event of individual test firings. The findings are given
irrespective of direction where focusing takes place. They are impor-
tant for general evaluation of the problem. It is well known, however,
that every test site has sensitive areas for which focusing may become
especially critical. Therefore, the problem of focusing may be pursued
by investigation of the azimuthal dependence. Tables V through VII and
Figures 7 through 11 render some answers to this problem. In the
frequency of focusing per-azimuth, only one focus per azimuth is
accounted for. More than one focus per azimuth (multiple focusing) is
treated later in this report.
Figures 7 through 9 represent the frequency of focusing by azimuth
and seasons for the Huntsville (Figure 7), MTF (Figure 8), and
Nashville (Figure 9) areas in the afternoon hours local time. The first
glan..-e at the graphs reveals a definite trend of azimuthal dependency.
A r:istinct peak appears around 90 degrees most of the time with a min-
irnum of around 270 degrees. This clear pattern of azimuthal variation
can only be attributed to the influence of the wind upon focusing, as the
thermodynamic part of the sound profile would require an equal distri-
bution by azimuth.
In detail, Figure 7 contains the frequency of occurrence of focusing
for the Huntsville area. It is noticeable that the maximum in winter
ranges from 70 to 120 degrees and comprises around 60 percent of the
cases. It proves, herewith, to be of the same magnitude as the number
of cases with extended focusing (Table IV). Thus, extended focusing
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Hunts-v ille, Alabama,	 1 2- - 17h Local Time (One Ascent Per Day)
Azimuth Spring Summer Fall ^b'inter
Non- Non- Non- Non-
returning Focus , Ratio 2 returning Focus Ratio returning Focus Ratio returning Focus 1Zatio
0 52.5 9. 4 20 74. ^ :.	 ! 4 54.6 14.6 32 37.6 31. 9 51
10 50.0 13.8 28 73.7 2.3 9 54.6 16.2 36 32.5 38.2 57
20 48.7	 ! 18. 1 35 70.9 2.3 8 53.1 16.2 35 28.0 40.1 56
30 45.0 20.6 37 68.6 2.9 9 50.8 16.2 33 23.6 45.2 59
40 45.0 26.2 48 65.7 4.6 13 48.5 19.2 37 19.7 46.5 58
50 41.2 27.5 48 66.3 6.9 20 46.9 22.3 42 17.2 53.5 65
60 39.4 28.1 45 64.6 6.9 19 44.6 24.6 44 14.0 56.7 66
70 36.9 II	 30.0 48 62.3 7.5 20 46.2 24.6 46 12.1 59.9 68
80 35.0 28.8 44 61.7 8.8 23 45.4 25.4 47 10.2 59.9 67
9C 35.0 26.9 41 62.9 8.8 24 45.4 22.3 41 9.6 58.6 65
100 33.7 26.2 40 64.0 8.8 24 40.0 20.8 35 9.6 62.4 69
110 35.6 24.4 38 62.3 10.3 27 38.5 21.5 35 10.2 60.5 67
120 !	 37.5 23.8 38 62.3 10.3 27 39.2 17.7 29 12.7 57.3 66
130 45.6 21.2 39 63.4 10. 3 28 46.2 15.4 29 15.3 49.7 56
140 52.5 15.0 32 63.4 9.1 1	 25 46.9 19.2 36 20.4 44.0 55
150 57.5 10.6 25 61.1 7.4 19 46.2 14.6 27 27.4 40.1 55
150 53.1 6.9 15 61.	 1 8.8 23 48.5 12.3 24 36.9 26.8 42
170 56.9 6.2 14 62.9 6.9 19 51.5 11.5 24 42.0 21.0 36
180 70.0 3.8 13 64.0 6.9 19 53.8 10.0 22 49.7 16.6 33
190 71.2 3.	 1 11 64.6 6.9 19 54.6 8.5 19 55.4 12.1 27
200 75.0 4.4 18 68.0 4.0 13 57.7 7.7 18 65.0 7.0 21
See footnotes at end of table.NO
r
Table V. Percentage Frequency of Occurrence of Nonreturning Rays and Focusing by Azimuth
(Huntsville, Alabama)
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Table V. (Concluded)
Azimuth Spring Suirimer Fall Winter
Non- Non- Non- Non-
returning r ocus l Ratio ?- returning Focus Ratio returning Focus Ratio returning Focus Ratio
210 78.7 3.1 15 72.6 4.0 15 5 9. 2 7.7 19 70.1 5. 1 17
220 .80.6 1. 9 10 74.9 1.7 7 60.8 6.9 -	 18 72.6 6.4 23
230 80.6 0. 6 3 78.3 2. 3 11 60.8 6, 9 18 73.9 3.2 12
240 83.7 0.6 4 82.3 2.3 13 60.8 5.4 14 73.9 3.8 15
250 84.4 - - 87.4 1.7 13 67.7 6.2 19 73.9 5.1 20
260 80.6 - - 88.0 1.	 1 9 69.2 5.4 18 73.9 3.8 15
270 80.6 - - 88.6 1.7 15 68.5 4.6 15 73.9 5.1 1	 20
280 78.6 0.6 3 89.7 1.	 1 11 69.2 4.6 15 75.2 5.1 21
290 I	 75.6 1.2 5 88.6 0.6 5 69.2 3.9 13 68.8 6.4 21
300 74.4 1.9 7 86.9 0.6 5 68.5 3.1 10 66.9 8.9 27
310 70.4 2.5 8 85. 7 1.	 1 8 66, 2 3. 9 12 60. 5 8. 9 23
320 67.5 4.4 14 80.0 1.1 6 63.8 3.9 11 58.5 12.1 29
330 64.4 5.6 16 78.9 1.7 8 63.8 6.9 19 53.5 15.3 33
340 60.0 6.9 17 78. 3 1.	 1 5 60. 0 i 0. 8 2"r 47. 8 18. 5 35
350 56.2 7.5 1 7 78. 9 1 ,	 i 5 57. 7 12.3 29 42. 0 24.2 1	 42
NMississippi Test Facility,	 12-17 11 Local Time (One Ascent Per Dily)
zirnuth Spring Summer- Fall Winter
Nen- Non-	 , Noon- Non-
returning Focus' Ratic L returningiFocus Rate; returning Focus Ratio returning Focus Ratio
0 48.2 16.31 31 67.6 8.8 27 72.8 12.3 55 42.4 31.8 55
10 46.4 20.0 37 64.9 6.8 19 71.6 12.	 3 43 39.7 35.1 58
20 45.5 22.7 42 62.8 5.4 15 75.3	 1 9.9 40 35.1 43.6 67
30 42.7 26.4 46 63.5 5.4 15 79.0 8.7 41 31.	 1 47.6 69
40 42.7 27.2 47 58.8 4.7 11 79.0 8. 1 41 22.5 51.6 67
50 40.9 30.0 51 56.8 5.4 13 80.2 8.7 44 19.2 55.0 68
60 40.0 31.8 53 54. 7 4.7 10 80.2 9.9 50 14.6 58.2 68
70 40.9 34.4 58 55.4 3.4 8 79.0 11.	 1 53 13.2 60.4 70
80 42.7 34.4 60 55.4 4. 1 9 75.3 8.7 35 11.9 65.6 74
90 41.8 35.4 61 56.1 5.4 12 75.3 9.9 40 10.6 64.8 72
100 41.8 35.4 61 54.1 6.8 15 74.1 11.	 1 43 10.6 64.8 72
110 45.5 32.7 60 58.8 6.8 17 74. 1 9.9 38 11.9 63.6 71
120 50.0 32.7 65 62.8 6.8 18 74.1 (	 12.3 47 14.6 53.6 63
130 58.2 19.1 46 67.6 6.1 19 71.6 11.	 1 39 21.2 50.4 54
140 63.6 12.7 35 69.6 3.4 11 72.8 7.4 27 25.5 42.4 57
150 68.2 10.9 34 70.9 4. 1 14 72.8 7.4 27 32.5 36.4 54
160 71.8 10.9 39 71.6 4.7 17 65.4 11.	 1 32 42.4 27.8 48
170 72.7 7. 3 27' 71.6 4. 1 14 64.2 8. 7 24 47.7 2 3. 2 44
180 72.7 10.0 37 76.4 3.4 14 59.3 11.	 1 27 56.3 17.2 39
190 72. 7 10.0 37 78.4 4. 1 19 59. 3 1.1. 8 36 57.6 _ 13	 2 31
See footnotes at end of tabie
i
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Table VI. Percentage Frequency of Occurrence of Nonreturning Rays and Focusing by Azimuth
(MTF)
l
,.
Table VI, (Concluded)
Azimuth Spring Summer Fall Winter
Non- Non- Non-
-
Non-
returning Focus' Ratio` returning Focus Ratio returning Focus Ratio returning Focus Ratio
200 73.6 10. 0 38 83. 1 2.7 16 61. 7 11. 1 29 57.0 11. 3 26
210 75.5 8. 2 33 86.5 2. 7 20 60. 5 9. 9 25 58. 9 11.9 29
220 75.5 7.2 29 86.5 2.0 15 58.0 8.7 21 63.6 13.2 36
230 76.4 6. 3 26 g6. 5 3.4 25 58. 0 8. 7 21 68.9 9. 3 30
240 80.0 5.4 27 87.2 2.0 16 60.5 7.4I 19 71.5 6.6 23
250 83.6 4.5 27 85.8 1.4 10 59.3 11.	 1 27 72.2 8.0 29
260 j	 84.5 2.7 17 85. 1 1.4 9 63.0 8.7 24 72.8 9.3 34
270 82.7 0.9 5 83.8 1.4 9 64.2 9.9 28 72.8 9.3 4 34
280 80.0 1.8 9 84.5 0.7 5 65.4 7.4 21 74.2 9.3 36
2 Q 0 78.2 2.7 12 83. 1 1.4 8 66 .7 8. 7 26 72.8 10.6 39
300 79.1 1.8 9 79.7 ,	 1.4 7 67.9 9.9 31 70.2 9.9 33
310 74.5 s	 1.8 7 77.0 2.7 12 66.7. 11.	 1 33 66.9 12.6 38
320 71.8 2. 7 9 74. 3 5.4 21 67.9 12. 3 38 63.6 11.9 33
330 66 .4 4.5 13 72.3 5.4 19 72.8 11.1 41 62.3 15.2 40
340 60.0 7.2 18 72.3 6.8 25 71.6 12.3 43 55.0 21.2 47
350 56.4 11.8 27 68.9 8.2 26 74. 1 12.3 47 47.0 29.8 1	 56
1 Focusing
2	 Focusing;Ratio = Returning
N
Ni
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Table VII. Percentage Frequency of Occurrence of Nonreturni.ng flays and Focusing by Azimuth
(Nashville, Tennessee)
Nashville, Tennessee,	 17h Local Time
A ^imuth Spring Summer Fall Winter
Non- Non- Non- Non-
returning Focus' R.atio 2 returning Focus Ratio returning Focus Ratio returning Focus Ratio
0 58.5 13.6 33 80.1 4.8 24 51.3 14.2 29 36.2 21. : 34
10 54.8 15.4 34 79.5 4.4 22 49.9 14.7 29 31. 1 23.9 35
20 51.2 18.0 37 78.1 5.8 27 47.2 17.1 32 27.3 27.1 37
30 48.4 19.8 38 75.9 6.0 25 44.1 18.3 33 21.4 32.4 41
40 44.7 22.8 41 72.8 7.0 26 43.4 17.8 31 17.4 40.2 49
50 42.4 26.3 46 72.4 7.5 27 42.2 19.8 35 13.9 46.1 53
60 37.8 1	 27.9 45 72.8 7.0 26 42.9 22.2 39 13.4 50.1 58
70 36.2 31.3 49 72.4 7.9 29 42.4 24. 3 42 10.5 53.4 60
80 34.3 (	 29.7 45 71.8 7.9 28 41.4 27.0 46 8.8 59.0 65
90 33.4 31.3 47 72.6 8.6 31 42.4 26.8 46 7.8 63.0 68
100 34. 1 31. 1 47 73. 3 8.2 31 43. 9 27.2 48 8.8 64. 1 71
110 36.4 28.6 45 74.6 7.7 30 44.1 27.2 48 8. 6 66 .0 72
120 39.2 23.7 39 75.1 7.3 29 48.4 22.4 43 11.3 62.5 70
130 42.6 20.7 36 75.3 7.5 30 49.2 19.8 39 15.0 57.9 68
140 48.6 17.1 33 76.8 7. 1 31 50.8 16.9 34 20.1 53.4 67
150 54.6 13.4 29 77.5 5.3 24 53.5 15.2 33 24.9 46.9 63
160 61.3 12.2 32 79.7 4.0 20 55.7 13.0 29 29.5 37.8 54
170 69 .6 8.9 29 81.0 3.8 20 54.7 11.6 26 37.3 32.7 52
180 73. 0 7. 1 26 83.2 2. 9 17 56. 1 9.4 22 48.3 26.0 50
190 77.0 4.8 21 83.2 2.2 13 58.8 6.3 15 55.0 20.9 47
See footnotes at end of" table.w
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Azimuth .Spring Summer Fall Winter
Non- Non.- Non- Non-
returning Focus' Ratio 2 returning Focus Ratio returning Focus Ratio l eturning Focus Ratio
200 82.5 3.0 17 85.4 2.2 15 60.5 4.8 12 60.6 16.6 42
210 85.3 1.6 .11 86.7 2.2 17 61.0 4.8 12 66.5 12.6 38
220 87.1 1.4 11 88.5	
!
1	 2.4 21 62.4 4. 1 11 71.6 11.0 39
230 87.6 1.4 12 89.0 2.0 18 64.3 3.4 10 74.3 8.3 3Z
240 88.7 1.4 12 88.8 2.6 23 66 .3 3.6 11 75.3 7.2 29
250 88.2 1.4 12 90.7 1.8 17 68.2 4.8 15 75.6 6.2 25
260 8-1.6 2. 8 23 91.0 1. 5 17 -10.	 1 4. 3 14 76.4 7.2 30
270 87.3 3.0 24 9:.8 1.1 13 71.3 3.9 14 74.5 8.3 33
280 86.2 4.4 32 '	 92.0 1.6 20 72.5 3.6 13 72.1 8.3 30
290 85.3 5.5 38 91.6 2.0 24 68.0 5.8 18 69 .4 5.4 31
300 82.7 5.1 30 90.5 2.6 27 65.5 7.2 21 65.1 11.5 33
310 80.4 5.5 28 88.5 2.4 21 62.9 8.2 22 61.9 12.9 34
320 77.0 5.5 24 87.8 2.4 20 61.2 8.9 23 56.0 13.4 31
330 72.4 7.1 26 86.5 2.4 18 58.8 10.8 26 49.1 15.8 31
340 68.4 8.8 28 83.7 2.9 18 57.6 11.3 27 42.1 16.9 29
350 62.4 11.1 30 82.4 4.0' 23 54. 7 11.6 26 39.4 18.2 30
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may mostly involve azimuths around 90 degrees (east). Fall and spring
display a slight shift toward northeast and the peak is only half the num-
ber of the winter. Relatively low with less than 10 percent of the cases
is the maximum in summer, somewhat shifted towards the southeast.
It is noteworthy that the focusing during all seasons hardly occurs
around the Z70-de g ree azimuth.
Figure 8 exhibits the focusing pattern at the MTF. Again, the
winter proves most severe with a peak between 80 and 110 degrees.
Nexc in line is spring with its crest of 35 percent ranging from 70 to
120 degrees. In contrast to Huntsville, fall and summer display alike-
ness for the low level of occurrence in the easterly part from 0 through
180 degrees. However, they show dissimilarity in the western section.
There we hardly notice focusing in summer, while in fall around 10
percent of the cases remain. The fall focusing thus appears with little
azimuthal variation, which is an exception to all other seasons and sta-
tions.
The Nashville data (Figure 9) have been included to evaluate possi-
ble effects of the short period of record available for Huntsville and
MTF. The features resemble the Huntsville pattern, although a slight
shift of the maximum frequency toward the south is evident. This can
be best studied in Figure 10, which contains the winter frequency of the
three stations for comparison. The azimuthal variation is an effect of
the wind pattern and a slightly modified wind field at Nashville compared
with Huntsville produces that difference. The difference of the wind
regimes between the two stations is very likely an effect of the geo-
graphic positions. That the inconformity is attributable to the difference
of the time period for which observational data are available must be
considered. Unfortunately, meteorological observations for Huntsville
and Nashville were not available for the sa ge period at the close of this
study. The question is to be further pursued and can be answered after
the appropriate data are processed.
It was pointed out that, in the fall season, very little azimuthal vari-
ation is displayed. The focusing occurrence for the fall season is there-
fore presented in Figure 11 which combine's the three stations for com-
parison. The almost equal frequency distribution by azimuth at MTF is
supported by the spread of the wind profile over all azimuths in the fall
months at New Orleans. 8
Tables V and VII contain information on the percentage frequency
of cases whose acoustical rays are not returning, foc_using,and the
ratio of focusing profiles divided by the number with returning rays.
It is obvious that the number of profiles with returning rays is the
^I
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supplement to 100 percent of columns "nonreturning rays" and is
omitted in the table. The second column under each season is the num-
ber of focusing profiles. The last column displays the share of focusing
profiles to the number of profiles with returning rays. It is clearly
visible that this ratio varies with the azimuth. Thus, the number of
focusing profiles per azimuth is not a constant rate of the occurrence
of profiles with returning rays. It is a function of the ratio as defined
above and exhibits a peak for the azimuths around 90 degrees. Thus,
the maximum share of focusing relative to the profiles with returning
rays for the winter season amounts to 70 percent at 90 degrees azimuth,
while the minimum ratio with 25 percent occurs at the 270-degree azi-
muth. This points towards a dependency of the sound profile type on the
azimuth and will be discussed in more detail in a further report on pro-
file types.3
3.	 Distance Distribution of Focusing
Up to the present, focusing has been discussed without con-
sideration of the areal coordinate, the distance from the sound source.
This was not necessary, as the problem of consideration was the pres-
ence or absence of focusing at the time of testing. However, the survey
on focusing would be incomplete if the aerial distribution were neglected.
Figures 12 through 14 illustrate, as a beginning, the focusing by dis-
tance classes irrespective of the azimuth at the three selected locations
during the four seasons.
Since the number of ascents per season varies, a common reference
for comparison purpose had to be found. The total amount of focusing,
Nf, can be expressed by
Nf = of ' na ' ns ,	 (8)
where of denotes the number of focusing per azimuth, na
 the number of
azimuths, and n s
 the number of meteorological observations per season,
The reference of of
 = 1, that is, one focus per azimuth,seemed reason-
able, although arbitrary. With the employment of 36 azimuths per
meteorological ascent, the unit N f
 = 100 percent becomes
N f = 36 n.	 (9)
It is self -evident that the Nf
 = 100 percent serves herewith as a meas -
urinp unit.
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Figure 12. Frequency Distributions of Acoustical Focusing Distances, Huntsville, Alabama
(NASFC), 12 - 17 h Local Time
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^The interpretation of the frequency is somewhat complex. It is
evident, however, that results must be related to Table IV. Therefore,
the assumption for a 10-percent focusing occurrence to imply that 10
percent of the ascents had 36 focusing points is very unlikely. It is far
more reasonable that it corresponds to four azimuth points per ascent
showing focusing within that particular distance interval. (A 10-percent
frequency can be found as the maximum frequency in winter. ) 	 r
If the total focusing in winter, the season with the most focusing
cases, is summarized, we obtain around 50 percent. This would corre-
spond to an average of 18 points per ascent. Comparison with Table IV
where 50 percent of the ascents have more than a range of 90 degrees,
leads to the conclusion that some of the azimuths must have more than
one focusing point. This is factually correct, as in the present statis-
tics all focusing cases per azimuth are included, while for Table IV
only one focus per azimuth was counted.
Figures 12 through 14 reveal that the, peak frequency of focusing
can be expected at a distance between 10 and 25 km. All three locations
show the focusing maximum closer to the sound source in summer and
farther away in the other seasons. Focusing is hardly encountered
below a radius of 5 km around the sound source.
The variation of the peak frequency ( mode) in the four seasons
corresponds tc the frequency of focusing as presented in Table IV.
Again we notice a similarity between spring and fall with some differ-
ences at MTF between the two seasons. The multiple modes and fluctua-
tions in the distribution by classes as displayed in Figures 12 (Huntsville,
and 13 ( MTF) may be an effect of the short period of record. The f : e -
quency curve for Nashville with the longer time interval of observation
looks smoother.
Figures 15 through 17 demonstrate the areal distribution of focusing
in winter for the three selected locations. All three stations display a
maximum concentration around 90 degrees azimuth between 15 and 2_,^
km distance from the sound source with some slight differences between
the stations. At Huntsville, this maximum appears between 15 and 20
km and is more extended in the azimuth range than at the other two
stations. The distance of the major concentration appears between 20
and 25 km at MTF and Nashville. A similar shift in azimuth as notice-
able in the distribution of focusing (Figure 10) i ns- evident in the Nashville
data.
Due to the iiisufficient number of cases for an areal distribution in
the other seasons, no charts of focusing like the winter charts can be
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.I)e drawn. In general, the tabular data (Volume II) point toward a
similar pattern, but at a lower level of focusing occurrence. 	 .
The frequency distribution at the azimuth of 90 degrees (Table VIII)
has been selected for comparison of the focusing probability between
the seasons. Thereby, the three azimuths from 80 to 100 degrees have
been combined to compensate for shifts such as observed at Nashville
focusing distance data and further to eliminate random fluctuations.
The data have been reduced to the same unit, N f , as in Figures 12
through 14 (Equation 9). The peak frequency emerges around 20 per-
cent. This amounts to twice the average value of 10 percent, obtained
by combination of all azimuths and discussed formerly and, shown in
Figures 12 through 14. The frequency exhibited in Table VIII deals	 x
with one azimuth (90 degrees) only. The frequency of 20 percent can
therefore be interpreted to mean that 20 percent of the ascents show a
focus within that particular distance interval.
Again, the summer displays focusing concentration closer to the
sound source than observed during the other seasons. The bimodal
distribution for MTF in winter and for spring in Huntsville may come
from the short period of record available for the present investigation.
Table VIII does not reveal additional seasonal effe:-ts besides the
discussed shift or the peak in summer and the variation of the frequency
level.
4.	 Focusing and the Temperature Profile
Although the sound profile is a compound of the temperature
and wind profile, commonly the wind influence is neglected and the
major reason for focusing is assumed to be the presence of a tempera-
ttire inversion. The author !0 has proven, however, that the wind influ-
ence may not be negligible. To expound the question further and support
the facts by actual data, Table IX was established.
It is obvious that, in a motionless atmosphere, a temperature inver-
sion causes an increase of the sound speed with altitude. This will lead
to returning rays but not necessarily to focusing. The sound-speed
profile is modified by the addition of the wind part.
In the subsequent Table IX, the first four columns list the percent-
age of ascents by season for which focusing would be observed on
accol.r-it of the temperature profile alone. In this case of a calm atnio-
sphere, all azimuths around the circle would show focusing at the same
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Table VIII. Frequency of Focusing by Distance for 90-Degree Azimuth
D i s ^a.r,;:e
Huntsville MTF Nashville
(km) Sp Su Fa Wi Sp Su Fa Wi Sp Su Fa Wi
0 -	 5
5	 -	 10 7 0.4 1.	 3 9.8 5.2 0.5 10.2 1.2 0.5 1.0 7.0
10	 -	 ' 5 15,2 4.6 4. 9 18. 3 12.	 1 1.6 0. 8 ,18. 5 5. 9 1. 5 4.5 17.4
15 - 20 9. 0 1.	 5 9. 5 21.4 13, 3 1.	 1 5. 3 113. 5 8.4 3. 2 8. 1 20. 9I
20 - 25 7.9 1	 1.0 3. 3 19.5 10. 0 2. 3 2. 9 23.4 12.0 3. 0 9.2 22.5
25-30 9.8 0.6 5.6 14.2 4.2 1.4 2.5 19,6 8.4 1.3 6.2 18.7
30 - 35 5, 8 1. 5 12.6 11.	 3 6. 1 0. 7 2. 5 12.	 1 5. 7 1.	 1 4. 3 13. 2
35	 40 1.7 0. 4 1 L. 3 6.2 4, 5 0 1.2 4. 9 3, 8 1,	 1 3. 6 8. 5
40 - 45 0.4 0.4 1: 0 3. 0 1. 5 0 0.4 6. 8 3. 0 0.4 2. 7 4.
45 - 50 0.6 0. 2 1.	 3 1. 7 1.2 0 - 3, 3 1. 9 0.6 2.0 2. 9
> 50 1 . 0 0.4 V. 3 1	 1. ;s 1	 0. 9 10.2 - 4. 0 1	 2.6 0. 7 1 . 8 4, 0
Table IX. Comparison of Focusing Frequency Caused by the
Temperature Structure Alone and the Addition of the Wind
Percentage of
Ascents with Percentage o
Focusing by Ten-i- Ascents with
Station and Time perature Profile Focusing Number of Ascents
Sp Su Fa Wi Sp Su Fa Wi Sp Su Fa Wi
Huntsville 12 - i 7n 0 0. 6 1. 5 12. 1 49 24 55 87 160 175 130 157
MVP 12-17h 1. 8 0 1 . 2 15. 2 58 28 44 92 110 148 81 151
Nashville 17h 1. 8 0 1 . 4 8.6 56 25 58 92 434 547 415 373
Nashville, all hours 4.2 10. 3 5.5 19.3 73 57 72 94 210 1269 1002 985
T'W
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distance. The addition of the wind profile modifies this azimuthal
pattern,and there may be no focusing within a certain azimuthal range.
Thus, the wind acts as a factor to prevent focusing, also. Ascents
with focusing due to the temperature profile always produced more than
a 90-degree azimuth range of foilcusing. The ascent would thus be
classified into the group of extended focu s ing (Table iV).
Table IX shows that the cases with focusing caused alone by the
structure of the temperature profile are less than 2 percent of the
number of ascents for the afternoon hours during all seasons except
winter. Further, the number increases if the observations from all
hours are combined (Nashville). This increase reflects the formation
of inversions during the night hours.
The next four columns in Table IX contain, in percentage, the
total number of ascents (by season), when focusing is observed. These
figures are considerably higher than the previous amount for focusing
by the temperature profile alone. This proves the significant influence
of the wind profile in the formation of focusing. Again, except in winter,
a difference can be found for the combination of observations from all
hours. Thus, the afternoon hours seem more favorable for testing
than other times of the day.
The last four columns display the number of ascents on which the
study is based. They are given for general information purposes. The
Huntsville and MTF records are relatively short.
The principal features of focusing by the wind effect are confirmed
by results employing the Nashville meteorological observation3 with a
7-year period of record. Thus, no change in the major findings is
expected if the period of record is expanded for Huntsville and MTF.
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'	 Section V. CONCLUSIONS
The analysis of the distribution of acoustical focusing in the atmo-
sphere is the major topic of this report.
	 The statistical distribution
of focusing is presented after a description of focusing criteria  and
after the grouping of the sound profiles into nonfocusing and focusing
types. The latter serves the purpose of cutting computational efforts,
as ray impact points have to be established for B = focusing profiles
only.
It is determined that the summer is the season with the smallest
chance of focusing and the winter the season with the highest frequency.
Although this result is not completely new, it is interesting to find that
the empirical probability of encountering focusing in the afternoon hours
is still around 25 percent in the summer months and around 90 percent
in the winter. If we consider, however, focusing only as a threat over
an extended 90-degree azimuthal range, then the chances in summer
drop below 10 percent, although they remain at a high level of 50 per-
ent in wintertime. Details can be found in Table IV.
The occurrence of acoustical focusing shows a definite azimuthal
dependency in the southeast area of the United States with a peak around
easterly azimuths and a low value in westerly directions. 	 If focusing
occurrence is not considered critical at selected individual azimuths
and if the selected azimuths coincide with tree minimum of the frequency
distribution of focusing, above cited expectancies may be reduced.
	
If
focusing is a risk, however,	 irrespective of the azimuth,	 and it is
desirable that this risk be small for any azimuth, then the above cited
figures are the guideline. 	 The azimuths with maximum focusing chance
disclose like probabilities (Tables V through VII) as provided in the
extended focusing class of 'fable IV.
At the present state-of-the-art, 	 5 percent focusing chance is con-
sidered a reasonable risk.	 The results from the investigation presented
} in this report indicate that
	
a risk is higher in all seasons,
	 if climatol-
ogy alone is used as a back, round and no azimuth singled out.
	
The
question was therefore asked, what is the probability of encountering
focusing within an area of limited boundary? 	 The answer is given in
Table VIII and Figures 15 through 17.
	
Class intervals of 5 km were
-^ chosen, producing reasonable divisions along individual azimuths, thus
rendering aerial partitions.	 The result indicates that only in summer
the probability for focusing within a partition would be less than 5 per-
cent in the climatological average.	 The total region where the proba-
bility in winter is higher than 5 percent can be seen in Figures 15 and 16.
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It should be added, huwever, that the focusing chance of less than 5
percent in summer is not valid for the individual case and can be applied
only if isolated targets are of concern, such as a building or other
object within a single areal class. If focusing conditions over wide-
spread areas, for example, a city or settlement,are of importance,
then the integral probability and not the -robability of the single areal
partition would be proper. This chance is far higher, although it cannot 	 i
be merely obtained by plain summation because of the simultaneous
occurrence of focusing in adjacent area classes. Then results as
delineated in fables V through VII would be appropriate.
In general, it can be concluded that a prediction problem exists.
It appears quite evident that in summertime prediction of acoustical
focusing deals with the event of smaller frequency of occurrence, while
in \7, , inter the time without focusing emerges as the rare event. In the
transition seasons, spring and fall, either way needs the same pre-
diction effort.
The results have further confirmed the importance of the wind
structure in atmospheric focusing. Indeed, only a maximum of 10 to
15 percent of focusing in winter afternoon hours can be traced back to
the structure of the temperature profile, while in all other seasons this
frequency is less than 2 percent. Thus, the influence of the wind pro-
file structure in acoustic focusing is surprisingly high.
A second vol,.me to this report with added tabulations such as the
given examples of Tables V through VII will be established. As the
printing process for this second volume is considerably elaborate and
costs are high, qualified requesters may obtain that volume from the
author in m'anuscript form.
Further, this study of focusing is a beginning only. The investiga-
tion should be expanded to include the ducting and other areal points of
high intensity phenomena of returning sound rays. 	 s
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